INTRODUCTION F o r c o n t r o l l e d High Gradient Magnetic F i l t r a t i o n (HGMF) i n v e s t i g a t i o n s , i t i s h i g h l y d e s i r a b l e t h a t t h e m a g n e t i c f i e l d t h r o u g h o u t t h e m a t r i x be u n i -d i r e c t i o n a l and homogeneous e v e r y w h e r e . By i n c o r p o r a t i n g a n i n s i d e n o t c h e d c o i l a t t h e middle s e c t i o n of t h e s o l e n o i d , t h e f i e l d u n i f o r m i t y c a n be improved. The w a t e r -c o o l e d compensated s o l e n o i d d e s c r i b e d h e r e i n was developed f o r an HGMF p r o c e s s f o r c a p t u r i n g b a s i c oxygen furnace d u s t i n a i r streams. It was designed t o provide an homogeneous a x i a l f i e l d o f up t o 0 . 8 T e s l a t h r o u g h o u t t h e bore.
The bore has t o accommodate a f i l t e r c a n i s t e r of e x t e r n a l diameter 102 mm and f i l t e r l e n g t h s of up t o 0.25 m.
SOLENOlD DESIGN
The c e n t r a l a x i a l magnetic f i e l d Ho (amps-turns/m) o f a simple s o l e n o i d ( ( a f t e r Montgomery r e f . l ) The s o l e n o i d was b u i l t by c o m b i n i n g a s e r i e s of pancake c o i l s t o g e t h e r . Each was wound from a s q u a r e hollow copper t u b e s (6.35 mm s q u a r e and 1.63 mm w a l l t h i c k n e s s ) i n t h e f o r m of a double-layered c o i l a s shown i n Fig. 6 . The cross-over o f t h e two l a y e r s is a t t h e innermost d i a m e t e r , l e a v i n g t h e two w a t e r t e r m i n a l s a c c e s s i b l e on t h e o u t s i d e . The f i r s t l a y e r o f a p a n c a k e c o i l was wound from h a l f o f t h e copper t u b e l e n g t h , s t a r t i n g from t h e cross-over p o i n t and winding outwards around a (Fig. 8 ) .
The two l o c i o f ( a , B ) p o i n t s a r e t h e n p l o t t e d i n F i g . 5 and t h e i r i n t e r s e c t i o n l o c a t e s t h e v
s t e e l f o r m e r . Epoxy impregnated g l a s s f i b r e t a p e was used f o r i n t e r -t u r n i n s u l a t i o n . The epoxy was cured by s h i n i n g f o u r i n f r a -r e d l i g h t b u l b s a t t h e completed l a y e r , forming it i n t o a r i g i d c o i l . G l a s s backed micapaper was used f o r i n t e r -l a y e r i n s u l a t i o n . With t h e r o t a t i o n r e v e r s e d , t h e above procedures were r e p e a t e d f o r t h e second l a y e r . A l l t h e p a n c a k e c o i l s , s t a c k e d s i d e b y s i d e and i n s u l a t e d f r o m e a c h o t h e r by micapaper, were clamped t o g e t h e r between two c a s t i r o n p l a t e s by f o u r c a s t i r o n t i e b a r sCopper f l a g s which were brazed o n t o t h e two r i m s o f each pancake c o i l ( F i g . 6 ) provided s e r i e s e l e c t r i c a l c o n n e c t i o n s b e t w e e n a d j a c e n t p a n c a k e c o i l s by s u r f a c e c o n t a c t .
Due t o t h e l i m i t e d v o l t a g e o u t p u t f r o m t h e d . c . power s o u r c e (maximum 1200 amps a t 45 v o l t s ) , t h e s e r i e s c o n n e c t i o n s w e r e b r o k e n o f f a t t h e m i d -p l a n e t o s p l i t t h e s o l e n o i d i n t o two i d e n t i c a l and p a r a l l e l e l e c t r i c a l c i r c u i t s . This a l l o w s t h e f u l l 45 v o l t s t o be a p p l i e d e q u a l l y a c r o s s e a c h h a l f l e n g t h o f t h e s o l e n o i d , t h e r e b y r e d u c i n g t h e maximum p o s s i b l e s o l e n o i d c u r r e n t t o 600 amps. A l l t h e g a p s between t h e two copper f l a g s w i t h i n each pancake c o i l and t h a t a t t h e m i d -p l a n e w e r e f i l l e d w i t h a hard m a t e r i a l , T u f f n o l , f o r packing and i n s u l a t i o n . The f l a g s and
T u f f n o l packings were clamped t o g e t h e r i n l i n e by two l o n g b o l t s . 
The c o m p e n s a t e d c o i l a t t h e m i d d l e s e c t i o n o f t h e s o l e n o i d i s made up o f 8
double-layered pancake c o i l s which have 9 t u r n s p e r l a y e r . They make up t o a l e n g t h o f 1 1 6 mm, r e s u l t i n g i n a v a l u e Of Be = 1.03 i n s t e a d o f 1.
The main c o i l i s made up o f 14 pancake c o i l s , s p l i t e q u a l l y a t e a c h end o f t h e s o l e n o i d , a n d h a v i n g 10 t u r n s p e r l a y e r . The c o m p e n s a t e d s o l e n o i d , o v e r a l l d i m e n s i o n s g i v e n i n F i g . 2 , c o n s i s t s o f 2 2 p a r a l l e l w a t e r p a t h s . U s i n g p l a s t i c t u b e s , o n e t e r m i n a l o f e a c h p a n c a k e c o i l i s connected t o a common water i n l e t manifold w h i l s t t h e o t h e r t e r m i n a l t o a common o u t l e t manifold ( F i g . 8 ) . The water f l o w r a t e through t h e s o l e n o i d i s 28
l / m i n which l i m i t s t h e b u l k water t e m p e r a t u r e r i s e t o l e s s t h a n 300C a t f u l l power. Magnetic s t r e s s e s i n t h e c o i l s were c a l c u l a t e d u s i n g e x p r e s s i o n s g i v e n i n r e f . [ I ] . Even a t maximum f i e l d , t h e y were f o u n d t o be s m a l l i n c o m p a r i s o n t o t h e y i e l d s t r e n g t h o f copper.
MAGNETIC FIELD MEASUREMENTS AND PROFILES
U s i n g a B e l l g a u s s m e t e r (Model 6 1 5 ) , t h e a x i a l and r a d i a l magnetic f l u x d e n s i t i e s were measured w i t h an a x i a l (Type SAB1-1802) and a t r a n s v e r s e (Type STGI-0204)Hall e f f e c t f i e l d probes r e s p e c t i v e l y . Each probe was mounted on a j i g (Fig. 8) The f l a t p r o f i l e s w i t h i n t h e c e n t r a l r e g i o n i n d i c a t e good f i e l d homogeneity.
An o v e r a l l f i e l d symmetry a b o u t t h e m i d -p o i n t i s a l s o shown. Over a l e n g t h of 150 ma of t h e c e n t r a l r e g i o n , t h e f i e l d v a r i a t i o n a l o n g t h e p r i n c i p a l a x i s i s 1.6%. Within t h i s same l e n g t h , t h e maximum d i f f e r e n c e i n t h e f l u x d e n s i t y from r / a l = O t o 0 . 8 8 5 i s 3 . 6 % .
The f l u x d e n s i t i e s d e c r e a s e r a p i d l y towards t h e two s o l e n o i d ends a s t h e E6 and h i g h e r o r d e r terms i n eqn. ( 4 ) would t h e n become i n c r e a s i n g l y s i g n i f i c a n t . m a g n i t u d e s of t h e r a d i a l t o t h e a x i a l f i e l d s a t d i f f e r e n t r a d i i ( r / a l ) a r e shown i n F i g . 11. Over t h e same 150 mm l e n g t h o f t h e c e n t r a l r e g i o n , t h e maximum r a t i o o f t h e r a d i a l t o t h e mm l e n g t h o f t h e c e n t r a l r e g i o n i s la.6%. Radial f l u x d e n s i t y is n e g l i g i b l e when compared t o t h e a x i a l f l u x d e n s i t y over t h e working l e n g t h o f t h e compensated s o l e n o i d .
